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20th Century Icons featured in today’s lecture
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News of the weekNews of the weekNews of the week

• No office hours Thursday

• Lab this week: 2nd week of geometry of the universe

• Exam #2: May 20th

• Final Exam: 



Facts about lightFacts about lightFacts about light

1. Light is a wave

2. The wavelength is quantized
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3. Doppler shift
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Edwin Hubble
1884 - 1953



Hubble’s Discovery Paper - 1929Hubble’s Discovery Paper Hubble’s Discovery Paper -- 19291929
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The Cosmological 
Distance Ladder
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Relativistic redshift equationRelativistic Relativistic redshiftredshift equationequation



We are not the center of the expansion of the universe

Every galaxy sees the expansion

The universe is the same everywhere
• no special point in  the universe

(no center)

• no special set of points
(no edge)



In the field of modern cosmology, the first principle is
called the “Cosmological Principle.  It states that the 
universe has no center, that it has the same properties
throughout.  Every place in the universe has, in this 
sense, equal rights.   How can the human race, which 
has evolved in a universe of such fundamental equality,
fail to strive for a society without violence and terror?  
How can we fail to build a world in which the rights of 
every human from birth are respected?

Fang Li Zhi
Acceptance speech
for the 
Robert F. Kennedy 
Memorial Human 
Rights Award 



Spaces that obey the cosmological principle:

1-dimension:
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Spaces that obey the cosmological principle:

2-dimensions:
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Spaces that obey the cosmological principle:

3-dimensions:
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Hubble’s Law:  v = H0d          (H0=100 km s-1 Mpc-1)
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The Hubble age of the universe
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